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RESEARCH MEMORANDUM

TRANSONIC AERODYNAMIC CHARACTERISTICS OF THREE THIN
TRTIANGULAR WINGS AND A TRAFEZOIDAL WING,
ATL OF LOW ASPECT RATTIO

By Horece ¥. Emerson and Bernard M, Gale
SUMMARY

An investigation was conducted in the Ames 16—foot high—speed wind
tunnel to determine the asrodynamic characteristics of three triangular
wings and a trapezoldal wing through the transonic speed range, by use
of the bump technique. Data were obtalned throughout a Mach number range
from 0.60 to 1.10 and a Reynolds number range from 2.1 million to
2.8 million,

Results of tests of the followlng wings are reported herein: Two
aspect ratio 2 triangular wings having the NACA 0003-63 and 000563
sections, respectively, an aspect ratio 3 trlangular wing having the
NACA 0003-63 gsection, and a trapezoidal wing of gspect ratic 2 having
the NACA 0003-63 section. The trapezoidal wing was obtained by cutting
off the tips of the aspect ratio 3 triengular wing.

Lift, drag, and pitching-moment dete are presented for all the wings
investigated. Each of the wings, with the exception of the trapezoidal
wing, had bseen previously tested in combination with & body in the Amss
6~ by 6-foot supersonic wind tumnel and the results are presented herein
as are data for the S5—percent—=thick wing in combination with s bodly from
tests conducted 1n the Ames 12—Foot wind tunnel,

INTRODUCTION

The Ames Asronautical Isdboratory hes in progress an experimental
investigation of the asrodynamic characteristics of wings of interest
in the design of high-speed flghter alrcraft. This program included an
investigation in the Ames 6— by 6~Ffoot supersonic wind tunnel of two
trianguiar wing-body combinations of aspect ratio 2, one with the
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NACA 0005-63 section and the other with the NACA 0003-63 section,
end one triangular wing-body combination of aspect ratio 3 with the
NACA 0003-63 section, The Mach number range of these tests extended _ -
from 0.60 to 0.92 and from 1.2 to 1.7, An investigation of the aspect - R,
ratio 2 wing-body combination with the NACA 0Q05-63 section was also :
conducted in the Ames 12-foot pressure tunnel to obtaln data from

0.2% to 0,95 Mach numbers. The models used in both of these investi—
gations were full—span wing—body combinations that were sting supported,
Further details may be found in references 1, 2, and 3. :

In order to extend the Mach nunber range through the sonlc speed, _ _
an investigation of similar wing models was undertsken on the transonic .
bump in the Ames 16—Ffoot wind tunnel, In addition to the wings investi—
gated in thé 6~ by 6—Ffoot wind tunnel, the subject program included
tests of a trapezoldael wing. The trapezoldal wing had an aspect ratio e s
of 2 and was obtalned by cutting the tip from the aspect ratio 3 i

triangular wing.

NOTATION . o o

Cp . drag coefficient ( M‘&.&%M)

a
Cr, 1ift coefficlent < ww) .

q .
Cm pitching-moment coefficient, referred to 0.25% Y

(twice semispan pliching moment)
qgsSe

™

2
agpect ratio <%—>

lift-drag ratio

maximum 1ift-drag ratio o

Mach nmumber

W =2 7N g
(o o
b
[

Reynolds mumber based on wing mean serodynamic chord S
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s total wing area (twice wing area of semispan model),

square feet
v veloclty, feet per second

twice span of semispan model, feet

c local chord, feet

b/2 c2d_y
= wean seroiynamic chord , Teet

;E ¢ dy

a dynemic pressure (—-pv ) pou.nd.s per square foot
a gpanwlse distance from plane of symmstry, feet
o angle of attack, degrees
o] elr density, siugs per cublic foot
acq, ' ]
e glope of 1ift curve measured at zero 1lift, per degree
aCm . ;
E@’f slops of pitchipgfmoment cu_rve_mg_asured_. at zero 1ift

APPARATUS AND MODELIS

The models were tested on a tramsonic bump in the Ames 16—~Foot
high-speed wind tunnel., A description of the bump may be found in
reference 4, Aeroiynamic forces and moments were measured by means of
an elscitrical strain-gage balance mounted inside the bump.

Figure 1 presents photographs of two of the modsls mounted on the
bump, and plan—view drawlngs of the models are presented as figure 2.
The trapezoidal wing was obtailned by cutting the -bip from the aspect
ratio 3 triangular wing.

P gt IS ]
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The following table presents pertinent dimensionsl data.

Triangutar Trapezoldal
_wings wing
Aspect ratio T s 2 3 2
Semispan wing area, Tt2 0.250 0.375 0.360
Mean. aserodynamic chord, £t 0.667 0.667 0.689
Fence area, ft2 0.256 0.256 0.256
7 NACA 0003-63
ing section, streamwise NACA 000563 NACA 0003-63 | NACA 0003-63

A Pence-(2.75 in. wide ani 14 in, long with semicircular ends)
located 3/16 inch from the bump surface was used to reduce the effects
of leakage which resulted from cleerance between the wing and bump
surface required for thls type of mounting.

The ratio of fence area to semispan wing areas was as follows:

. Fence aresa
Aspect ratlo Semispan wing area
Triangular 2 1.02
wings 3 .68
Trapezoidal
wing 2 T

TESTS AND PROCEDURE

Range of Varlsbles

The aerodynamlic characteristics of the wings were lnvestigated
over & Mach number range fram 0.60 to 1,10. The variation of test
Reynolds number with Mach number is shown in figure 3., The angle—of—.
attack range extended fram —6° to an angle limited by the capacity of
the straln gages.
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Reduction of Datsa

Typical Mach nunber contours of the flow over the bump without a
model in place are shown in figure 4. The outline of the aspect ratio 2
wings are superposed to inilcate the Mach number veriation over the
model, No account has been taken of the Mach number variation over the
model., The test Mach number was taken to be the Mach mumber of the
contour pessing through the 25-psrcent point of the mean aserodynemic
chord. |

The drag date were corrected to account for an interaction between
the 1ift and drag components of the balance, A tare correction to the
drag to account for the fence drag was evaluated by testing a fence
alons, The measured fence tare drag was indlepenient of angle of attack,
Tare drag coefficlents based on the wing area are listed pelow!?

Mach nunber 0.60 through 0.98] 1.02 |[1,06 through 1.10

Aspect ratio 2,
triangular wings 0.0050 0.0059 0.0066

Aspect ratio 3,
triangular wing .0035 .0038 .00kh

Aspect ratio 2,

trepezoidal wing .0036 +00kO ,00ks

An engle—of—attack correction of ~0.4° was included to account for
the cross flow over the bump., Interference effects of the fence and
effects of leakage around the fence are not known and no corresctions for
these effects have been made. A boundary layer, which is approximately
3/11- inch thick at the location of the model, exists over the surface of
the transonic bump. No account has been taken of its effect on the
aerolynamlc characteristics,

RESULTS AND DISCUSSION

Iift, drag, pitching moment, and lift-drag ratio for each of the
four wings investigated are shown in figures 5 through 8., Data obtained
from investigations in the Ames 12-foot and 6— by 6~foot wind tunnels of
similer wings in combination with a body have been included, The
6—- by 6~Foot tunnel dets included herein were obtalned over a Mach number

o P N
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range from 0,60 to 0,90 and 1.3 to 1.7 at a Reynolds mmber of 3,0 mil—
lion for the aspect ratlo 2 wings, and over a Mach mmber range from
0,60 to 0,92 and 1.2 to 1.7 at a Reynolds number of 4.8 million for the
aspect ratio 3 wing. Data from the 12—foot tumnsel that are included
hereln were obtained over a Mach number range from 0.24 to 0,95 at a
Reynolds number of 3.0 million, Summary data as a function of Mach
mmber for the four wilngs are shown in figure 9., The slope paramsters
in this figure have been msasured at zero 1ifE,

The fact that the data obtained in the 6— by 6~Ffoot and 12-Foot
wind tunnels are for wing-body combinations precludes a direct compari—
son with the results ocbtalned for the wing alone, The theory of refer—
ence 5, however, predicts that 1t would be reasoneble to expect a 1lift
decrement in the case of the wing—body carbination., The results pre—
sented in part (a) of figures 5, 6, 7, and 9 show the opposite effect,
In the present bump investigation it 1s concluded that the effects of
leekage and bump boundary layer could be responsible for the reduction
in 1ift. The results presented in figure 9(a) show that there is a
maximm of 4—percent difference in lift—curve slope betwsen the 3— and
5-percent~thick triangular wings of aspect ratlo. 2. An expected incresse
in lift—curve slope-sasccompanied an increase in aspect ratlc. It is .
Interesting to note that the aspect ratio 3 triangular wing after modi—~
ficatlon to the trapezoldal wing of aspect ratio 2 retained greater lift—
curve slope than the aspect ratio 2 itriangular wings,

Examination of figure 9(b) shows the variation of drag coefficient
with Mach mumber to be somewhat lrregular but certain trends are evident,
At the lower Mach mmbers of 0,60 and 0.70 under comditions of 1lift,
the drag of the 3-—percent—thick, aspect ratio 2 wing is higher than the
S5—percent—thick, aspect ratio 2 wing and, charecteristically, the drag
of the thicker wing rises to a higher wvalue at Mach mmbers above
epproximately 1.0, The aspect ratio 3 wing under conditlions of 1ift had
considerebly less drag than either of the aspect ratio 2 triangular
wings. Modification of the aspect ratio 3 wing to an aspect ratio 2
trapezoldal wing, in general, increased the drag except below a Mach
nunber of 0.75 and below a 1ift coefficient of 0.2, Under these
conditions the drag of the trapezoidel wing was less than that of the
aspect ratlio 3 wing, and gbove a 1ift coefficlent of 0.2 it was less
than that of the aspect ratio 2 triangular wings. =

In general, the models tested in the 16—foot tummel were more
steble than—those tested in either of the other tunmnels, as may be seen
in part (c) of figures 5, 6, 7, and 9. This is to be expected because
of the generally destabilizing influerce of the body. At & Mach mmber
of 0,90 at high 1ift, however, the data indicate that the triangular
wings having the NACA 000363 section were less stable alone than when
tested with a body., The pitching-moment data from the 16—Ffoot tumnel for
the 3-percent—thick, aspect ratio 2 triangular wing and the trapezoidal

TR
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wing do not show the abrupt, unstable break that occurs for thse
3-percent—thick, aspect ratio 3 wing and the S—percent—thick, aspect
ratio 2 wing between 1ift coefficients of O.4 amid 0.7. Data shown in
figure 5(c) for the 5-percent—thick, aspect ratio 2 wing indicate that
the other investigations have shown an unstdble break in the pitching-
moment curve, but not with the same degree of severity., Summary data
in figure 9(c) show that the variation of the stability parameter with
Mach mmber was essentially the same for all the wings. Here again
thickness had very litile effect on the parameter but the aspect ratio 2
wings were more stable than the aspect ratio 3 wing with ths exception
of the trepezoidal wing. As would be expected, the trapezolidael wing
was less staeble than any of ths other wings because it was produced by
removing & portion that made a large contribution to the negative
pitching moment of the aspect ratio 3 wing.,

The data of figure 9(d) show the variation of meximm lift-drag
ratio with Mach mumber, Supersonlically, the thinner, aspect ratio 2
wing was of course more efficilent., Above a Mach number of 0,75 the
espect ratio 3 wing was superior to all the others reported herein,
The values of meximm lift-drag ratioc for the trapezoldal wing werse
compareble to those for the 3-percent thick, aspect ratio 2 triangular
wing gbove a Mach mmber of 0,80, At lower Mach mmbers, below 0.75,
the trapezoidal wing was superlor even to ths aspect ratio 3 wing.

The trapezolidal wlng reporited herein was investigated in order to
ascertain whether or not the thsory of reference 6 was applicable at an
aspect ratio of 3, On a coefficient basis examlnation shows that in
order for the trapezoidal wing to conform to the hypothesis that the
part of the surface having parallel sides would develop no 1ift, the
lift-curve slope should be 33 percent lower for the trapezoldal wing than
that for the aspect ratio 3 wing. This, however, was not the case., The
lift—curve slope was reduced, but only by about 15 percent.

A comparison of the aerodynamic characteristlcs of the trapezoidal
wing of aspect ratlo 2 and those of the aspect ratio 2 triangular wing of
the same thickness—to—chord ratio reveals that minimum drag values were
essentially the s=ams; however, the trapezoldal wing had the higher
lift-—curve slope, lower drag due to lift, a higher maximm lift-drag
ratio below a Mach number of 0,80, but a lower maximum lift-drag ratio
gbove a Mach number of 0,80, and a greater center—of-pressure travel.

In general, the foregoing points out that the aspect ratio 2 trape—
zoidel wing had asrodynamic characteristics superior to those of an
aspect ratio 2 triangular wing,

Carrying the comperison further, it can be seen that the aspect
ratio 2 trapezoidal wing when compared with the aspect ratlo 3 triangular
wing of the same thickness~to-chord ratio had slightly higher minimun drag
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velues sbove a Mach number of 0.80, lower lift-curve slope, lower values
of meximm lift—-drag ratioc above a Mach number of 0,75, higher drag due
to 1ift; and a greater center—of-pressure travel. Thus clipping the
wing tips did not improve the aserodynamlc characteristics except below
& Mach number of 0,75 at low 1ift coefflcilents.

The limlted scope of the present investigation cannot lead to any
generalized comments regarding the merit of clipping the tips of
trianguler wings, It 1s felt, however, that the results of this
investigation indicate that beneficial effecte may be cbtalned by
removing the tips of trianguler wings,

CONCIUDING REMARKS

Within the Mach nunber range investigated the aspect ratio 3 wing
was, _in general, superlior to the others reported hsrein, Camparison of
the characteristics of the aspect ratio 2 triangular wings showed little
difference between the 3—percent and the S5-percent—~thick wings below
a8 Mach aumber of 1.0, while gbove a Mach number of 1,0 the 3-—percent—
thick wing had superlor asrodynamic characteristics.,

Modification of the aspect retio 3 wing to an aspect ratio 2
trapezoidal wing had a deleterious effect on the aeroiynamic character—
istics at Mach numbers sbove 0,75 but a beneficial effect at 1lift
coefficients below 0.2 and Mach numbers below 0,75. The asrodynamic
characteristics of the trapezoldal wing, however, were the same as or
superior-to those of the aspect ratioc 2 triangular wings.

Ames Asronautical Leboratory :
National Advisory Committee for Aerona.utics
Moffett Field, Calif. .
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(a) Aspect ratio 2.

(b) Aspect ratio 3.

Figure 1.— Photographs of the models with the NACA 0003—63 section
mounted on the Ames 1l6—foot high—epeed wind—tunnel bump.
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Figure 2.—A plan-view drawing of the wing models.
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